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© Nucleic acid amplification and detection methods using rapid polymerase chain reaction cycle. 
<B) Nucleic acids can be amplified and detected using a very rapid polymerase ^J^^^' e '™l 

temperatures are used in the amplification. 
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This invention relates to very rapid amplification and detection methods to detect nucleic acids using 
polymerase chain reaction. 

Nucleic acid probe technology te> developed rapidly in recent years as researchers have discovered 
Its value for detection of various diseases, organisms or genetic features which are present in small 

5 quantities in a human or animal test sample. The use of probes is based upon the concept of complemen- 
tarity. DNA has two strands bound together by hydrogen bonds between complementary nucleotides (which 
are also known as nucleotide pairs). 

The ONA complex is normally stable, but the strands can be separated (or denatured) by conditions 
which disrupt the hydrogen bonding. The released single strands will reassociate only with another strand 

jo having a complementary sequence of nucleotides. This hybridization process can occur with both strands 
being in solution or with one of the strands being attached to a solid substrate. 

A targeted nucleic acid sequence in an organism or cell may be only a very small portion of the entire 
DNA molecule so that it is very difficult to detect its presence using most labeled DNA probes. Much 
research has been carried out to find ways to detect only a few molecules of a targeted nucleic acid. 

75 A significant advance in the art is described in US-A-4,683,195, US-A-4,683,202 and US-A-4,965,188. 
Without going into extensive detail, these patents describe amplification and detection methods wherein 
primers are hybridized to the strands of a targeted nucleic acid (considered the templates) in the presence 
of a nucleotide polymerization agent (such as a DNA polymerase) and deoxyribonucleoside triphosphates. 
Under specified conditions, the result is the formation of primer extension products as nucleotides are 

20 added aiong the templates from the 3'-end of the primers. These products are then denatured and used as 
templates for more of the same primers in another extension reaction. When this cycle of denaturation, 
hybridization and primer extension is carried out a number of times (for example 25 to 30 cycles), the 
process which is known as "polymerase chain reaction" exponentially increases the original amount of 
targeted nucleic acid so that it is readily detected. 

25 Once the targeted nucleic acid has been sufficiently amplified (that is, many times more copies of the 
molecule have been made), various detection procedures can be used to detect it. The patents noted 
above, for example, describe the use of insolubilized or detectably labeled probes and ge! electrophoresis 
as representative detection methods. 

In US-A-4,965,188, the cycle for amplification is generally described as follows: 

30 a) denaturation at a temperature in the range of 30 to 105 "C (preferably 90 to 100' C) for 0.5 to 5 
minutes (preferably 0.5 to 3 minutes), 

b) hybridization of primer to template at a temperature in the range of 35 to 65 * C (preferably 37 to 
60 "€) for 0.5 to 5 minutes {preferably 1 to 3 minutes), and 

c) formation of primer extension products at a temperature in the range of 40 to 80* (preferably 50 to 
35 75 *C) for 0.5 to 40 minutes (preferably 1 to 3 minutes). 

Thus, a wide range of times and temperatures are generally described with the specific combination of 
time and temperature largely dependent upon the type of DNA polymerase used, the complexity of the 
mixture of nucleic acids including the targeted nucleic acid, the length and specificity of the primers, the 
length of the targeted nucleic acid, pH and several other reaction conditions and components/There is no 

40 mention, however, of the time needed to change from one temperature to another, a factor which is largely 
dependent upon the type of heat transfer equipment used in the process. Thus, considerable effort must be 
carried out to find the optimum conditions for effective amplification and detection of a given nucleic acid. 

One typical amplification cycle in Example II of US-A-4,965,188 requires 5.5 minutes for a single cycle 
of the following steps: 

45 a) heating the reaction mixture from 37 to 95 * C over three minutes, 

b) denaturation of double strands at 95 * C for 0.5 minutes, 

c) cooling to 37* C over 1 minute, and 

d) hybridization of primers to template and primer extension product formation at 37 * C for 1 minute. 
Another typical amplification cycle is described in Example VII of US-A-4,965,188, also requires 5.5 

so minutes and includes the steps: 

a) heating the reaction mixture from 70 to 98* C over 1 minute, 

b) denaturing of double strands at 98* C for 1 minute, 

c) cooling to either 38, 45 or 55 * C over 1 minute, 

d) hybridizing primers and template at 38, 45 or 55 • C for 1 minute. 
55 e) heating from 38, 45 or 55 * C to 70 * C over 1 minute, and 

f) forming primer extension products at 70* C for 0.5 minute. 

Since the discovery of the amplification and detection methods using polymerase chain reaction, there 
has been steady effort to find ways to carry out cycling in a rapid manner. A number of publications have 
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♦ a ^ HacirjihHihi of fast cvclina but have not given suitable directions as to how it can be done. 

s^ fl rr =rs r»- ^ .-as is a.i=r. — — 

amplification method could require 75 to 1 80 minutes. „,„ mn ™ r i«r (PCR Svstem Model 

More recently. Cetus Corporation and Perkin-Elmer have marketed a thermocycler (PCR system 
9600) which allows the use of cycles of 2 to 3 minutes in the amplification ^ sel f-cont a ined 

Others have worked to find even faster cycl.ng equipment wh.ch can be used witn sen co 
reacSn vess^ (sometimes known as cuvettes, pouches or test packs). Such equ. P ment ,s described, for 

a) denaturation of double strands at 90-92 ■ C for 1 to 2 seconds, 
20 b) cooling to 50 to 55 * C over 6 to 9 seconds, 

c) hybridization at 50 to 55' C for 1 to 2 seconds, 

d) heating to 71 to 73 -C over 3 to 5 seconds, and 

si-=.r-rrrsr!.'„=.-s srss. .• 

air transfer technology. Moreover, .t is desired to have a rapta ana sensitive *v 

* ^.'s^i^s'dS*--*- «— c «* « » « «<>-» - - 65 » ,o °- c ,or ,rom 1 

to 40 seconds to denature the strands of the nucleic acid. seconds 
B cooling the denatured strands to a second temperature over a tone per.od of from 5 to 20 seconds. 

MU«I omit at « <w-d amp>*n to Irorn 1 1 to 80 seconds. 
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(a) the difference (ATi) between the first and second temperatures being from 5 to 45* G, and 
{b) the concentration of each of the primers being at least 0.075 umolar, 
provided thst when steps A through H are carried out using only condition (a), the time for each 
cycle of Steps B through D is at least 60 seconds, 
s The present invention also provides a method for the amplification and detection of a nucleic acid 

comprising steps A-E and the conditions as identified above taken in addition with the following step F: 
F. detecting at least one denatured strand of the nucleic acid. 

The method of this invention provides a very rapid and efficient polymerase chain reaction procedure 
for amplifying and detecting nucleic acids which are present in extremely low concentrations in test 
io samples. Because the method is rapid, an assay result can be obtained in shorter time for early diagnosis, 
or more cycles can be run in order to further increase the number of copies of the targeted nucleic acid. 
With shorter cycles, less nonspecific (or undesired) nucleic acids are amplified. Thus, less of the undesired 
nucleic acids are detected. 

The method of this invention is advantageous because it is readily adaptable to automated procedures 
is which can be used in high volume diagnostic environments (for example, hospitals, clinical laboratories and 
doctors' offices). The impractical features of the hot air PGR procedures of Wittwer and others are avoided. 
Each cycle of the PGR method of this invention is extremely rapid (that is 120 seconds or less), yet it is not 
dependent upon a particular means of heat transfer or specific heat transfer equipment. 

These advantages are possible because of a combination of critical features, nameiy the use of 
20 relatively high concentrations of the thermostable DNA polymerase, a temperature for DNA polymerization 
which is related to the T m of the denatured strands and the primers with one or both of two other conditions: 
<a) having the difference between the denaturation and hybridization temperatures being within a certain 
range, or (b) having the concentration of primers at or above 0.075 umolar, with the proviso that if only 
condition (a) is used, the cycle time is at least 60 seconds, in preferred embodiments, the method is even 
25 faster by using only two temperatures in the cycling instead of the usual three temperatures. 

Advantageously, this invention is carried out using certain proprietary containment pouches and cycling 
equipment, namely those described in EP-A-0 381,501, EP-A-0 402,994 and EP-A-0 402,995. but the 
practice of this invention is not limited to them. 

The general principles and conditions for amplification and detection of nucleic acids using polymerase 
30 chain reaction are quite well known, the details of which are provided in numerous references including US- 
A^SSa.lBS, US"A-4,6S3'^02.and US-A-4 ( 965 ( 188 and Clin.Microbioi.Rev. , 2(2), pp. 217-226 (1989). 

The present invention is directed to the amplification or detection of one or more specific nucleic acid 
sequences present in one or more targeted nucleic acids in a test specimen. Such specimens can include 
cellular or viral material, hair, body fluids or other materials containing genetic DNA or RNA which can be 
35 detected. While the primary purpose of detection is diagnostic in nature, the invention can also be used to 
improve the efficiency of cloning DNA or messenger RNA, or for obtaining large amounts of the desired 
sequence from a mixture of nucleic acids resulting from chemical synthesis. 

The present invention is especially useful for producing, in exponential quantities relative to the number 
of reaction steps involved, at least one specific nucleic acid sequence. The product will be a discrete 
40 nucleic acid duplex with termini corresponding to the ends of the specific primers employed. Any source of 
nucleic acid, purified or not, can be utilized as the starting material if it is known to or suspected of 
containing the specific nucleic acid sequence targeted for detection. A mixture of nucleic acids can be 
employed if desired. 

Nucleic acids to be detected can be obtained from various sources including plasmids, naturally 
45 occurring DNA or RNA from any source (such as bacteria, yeast, viruses, plants and higher animals, 
humans), tt may be extracted from various tissues including blood, peripheral blood mononuclear ceils 
(PBMC), tissue material or other sources known in the art using known procedures. The present invention is 
particularly useful for the amplification and detection of nucleic acid sequences found in genomic DNA, 
bacterial DNA, fungal DNA, viral RNA, or DNA or RNA found in bacterial or viral infected cells, 
so The method described herein can be used to provide the detection or characterization of specific 
nucleic acid sequences associated with infectious diseases, genetic disorders or cellular disorders such as 
cancers, tt may also be used in forensic investigations and DNA typing. For purposes of this invention, 
genetic diseases include specific deletions or mutations in genomic DNA from any organism. 

The term "primer" refers to an oligonucleotide, whether naturally occurring or synthetically produced, 
55 which is capable of acting as a point of initiation of synthesis when placed under conditions in which 
synthesis of a primer extension product complementary to a nucleic acid strand (that is, template) is 
induced. 

The primer is preferably single stranded for maximum efficiency in amplification, but contain a double 
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presence of the DNA polymerase Ger»rally. the primers used In this mention «.» 

nucleotides. »id preferably, they Wive trom 18 to 45 J™***** complementary- to the 
The prtmers used In the present invention are seleeed to M m P us , M icentiy 

different strands of each specific sequence 10 be ampli tad Th a ^ MM onrJ th .„ 

methods for their use. Naturally occurring primers .solated from b.olog.cal sources 
-T^TTXT^L he o, any suitabf, 

of some type for capture of the targeted nucle.c aad. lo 
descried herein. A numhe; oMhe— M**^ XXS^SZ,^^ 

Zl from the specimen „ , ^1"*^ 
described by Laur, and others in and others in Eur.J.BicchernriOS 
Cloni ng: A Laboratory Manual , pp. 260-2B1 (1882). ™° ss „_„„„,, th ereof are descr ibed, lor 

must be separated before pnming can take place, mis can occu a y treatment alone or in 

separate step afterwards. Denaturing (step A) ,s accomphshed using » ^ p *"^ e art Heati 

98- C but other combinations of time and temperature within the broad ranges wouia oe y 

45 able by one skilled in the art. ^ temperature which is generally in the range 

The denatured strands are then cooled (step B) to a secono wnpw> ur« inv ention is to adjust the 
of from 55 to 70 'C. and preferably from 60 to 70" C. A preferred «"*^ *V^^ } s in the range 
Sirst and second temperatures so that the difference ^^^^^^ This condition's 
o, from 5 to 45. preferably from 15 to 45. and ^st^eterably 40- U ^ 

particularly desirable when the second and ttwd (def,ned ^^"Jjj^^^y *«" 5 t0 15 
needed for cooling the denatured strands is generally from 5 to 20 seconds, ana pree 

seconds. . ._^__ r -».„o «« a n r: is carried out. It should be 

Once the denatured strands are cooled to ^.^J^^J^^^c begins, but one 
understood, however, that there may not be a (Mnct t,mewhe ^tep B ^^*J^ herein . In 
S ki..ed in the art would know to adjust the —^^^ products of 

th9 presence of the DNA oolymen.at.on reagents J^JJJ**^ J ma temperatur e for from 1 to 80 

Z^Z^^*"^^ ~ * ^ ^ ** ran96 " fr ° m 
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(T m ;^}'C ;o K T m * 3) 1 C. 7 m ij> deunuu ntjrein as the lemperatuie at wntcn one-nan oi tne target nucleic 
acid strands will be hybridized to the primers. The determination of T m can be accomplished using several 
standard procedures, based on ultraviolet hypochromism, for example, by monitoring the spectrum at 260 
nm as described in Biochemistry- The Molecular Basis of Cell Structure and Function , 2nd Edition, 

s Lehninger, Worth Publishers, inc., 1870, pp. 876-7. "~~ 

In most embodiments, the third temperature is in the range of from 55 to 70 *C with from 62 to 68 *C 
being preferred. It is also desired that the difference between the first and third temperatures (identified 
herein as AT) be in the range of from 5 to 35, preferably from 10 to 35, and most preferably from 20 to 30, 
* C. In a preferred embodiment where the cycling is carried out using only two different temperatures, the 

10 second temperature is the same as the third temperature, and thus ATi is the same as AT. 

Once the strands are separated, they are available as templates for forming primer extension products 
therewith. Normally, the specimen is mixed with the thermostable DNA polymerase, suitable 
deoxyribonucleotide-5Mriphosphates (dATP, dCTP, dGTP and dTTP) and a suitable set of primers. The 
amount of thermostable DNA polymerase used in the practice of this invention is at least 5 units/100 ul of 

f5 solution, Preferably the amount is in the range of from 6 to 20 units/100 ul of solution but greater amounts 
can be used if desired. A "unit** is defined herein as the amount of en2yme activity required to incorporate 
10 nmoles of total nucleotides (dNTP's) into an extending nucleic acid chain in 30 minutes at 74* C. 

The dNTP*s and primers are present in amounts effective for DNA polymerization to occur, such 
amounts being known in the art. Representative amounts are shown in the examples below. In a preferred 

20 embodiment, the amount of primer is at least 0.075 umolar with 0.1 to 2 umolar being preferred, but more 
general amounts are well known in the art. Another measure for the primers is to have them in considerable 
excess to the denatured strands, for example at least 20:1 molar ratio. It is understood that where the 
amount of targeted nucleic acid is unknown, the exact ratio of primer to denatured strand cannot be known 
with certainty, but a skilled worker could make a reasonable estimate of the amount of primer to be used 

25 and thus optimize the reaction system accordingly in view of the considerable teaching in the art regarding 
reagent amounts. 

Other reagents are also preferably present, including salts such as magnesium chloride (generally from 
1 to 10 mmolar), extenders such as gelatin or other water soluble or water dispersible colloids (generally 
from 0.001 to 0.05 weight percent). The reaction mixture is generally buffered to a pH of from 7 to 9 with 
30 pH of 8 being preferred using any of a number of suitable buffers known in the art. The volume of the 
reaction mixture including the targeted nucleic acid is not critical, but the smaller the volume is the faster 
heat can be transferred to and away from it. Generally, the volume is from 50 to 300 ul with smaller or 
larger volumes also being useful depending upon the equipment and vessel used for the assay. 

The reagents for polymerization can be added to the specimen containing targeted nucleic acid at any 
35 suitable time, that is, prior to or during denaturation (Step A or D), or prior to, during or after the cooling 
step (Step B). Alternatively, the reagents can be added at several and various times during the method. 
Workers skilled in the art would be able to design an acceptable protocol for reagent addition. It is important 
for the mixing to take place quickly so the method is carried out in the shortest possible time. Thus, it is 
preferred that all the reagents needed for the entire method be added prior to or during the denaturation 
40 Step A of the method defined herein. 

The newly synthesized hybridized product of the template and its compTementary nucleic acid formed 
from the primer are used in subsequent steps of the method. They are then denatured by heating them to 
the first temperature of from 85 to 100*C over a period of time of from 5 to 20 seconds, and maintaining 
that temperature for an additional time of from 1 to 40 seconds (step D). Preferably, the denaturation 
45 temperature is from 90 to 98 * C, the heating time is from 5 to 10 seconds, and the temperature is 
maintained for an additional 1 to 15 seconds. 

At this point, one cycle of forming and separating one set of duplicate strands of the targeted nucleic 
acid has been completed <steps B through D). Each cycle is 120 seconds or less, and is generally in the 
range of from 10 seconds to 120 seconds. Preferably, each cycle is from 20 to 90 seconds, with from 30 to 
so 70 seconds being more preferred. The cycle can be completed as often as needed to produce the desired 
quantity of the targeted nucleic acid. 

For effective amplification, at teast 20 cycles of cooling, primer extension and denaturation will be 
carried, with from 20 to 40 cycles ^being preferred. 

The method of amplifying described herein is also carried out using at least one (and preferably both) 
55 of the conditions selected from the group consisting of: 

(a) ATi , identified above, is from 5 to 45* C, and 

(b) the concentration of each primer is at feast 0.075 umolar. 

if only condition (a) is used, the time for each cycle of Steps B through D is at least 60 seconds/and 



6 



preferably, each cycle is from 90 to 120 seconds. 

\r\ a most preferred embodiment, both of these conditions are followed and the second temperature is 
the same as the third temperature. 

After step C has been performed the last time in the assay, the final primer e>ctension products can be 
s detected using known procedures, as described below. The products can be detected in undenatured form 
using known procedures such as agarose gel electrophoresis or ethidiurn bromide staining, or step D can 
be performed again to denature the products for detection. 

Preferably, the products are denatured a last time (step D) providing multiple copies of the strands of 
the targeted nucleic acid. Denaturation can be carried out according to the teaching noted above except that 
io the time for denaturation the last time is not as critical as it is in earlier cycles (that is, it can be longer if 
desired). After the desired number of cycles, the reaction can also be stopped by inactivating the DNA 
polymerase using known techniques, or by separating the components of the reaction. 

The amplification method of this invention is preferably conducted in a continuous, automated manner 
so that the reaction mixture is temperature cycled in a controlled manner for desired preset times. A 
is number of instruments have been developed for this purpose, as one of ordinary skill in the art would know. 

One such instrument for this purpose is described in some detail in US-A-4,965,188 and EP-A-0 236 
069, and involves moving liquids from one temperature environment to another under controlled conditions. 

Another instrument utilizes temperature cycling without a liquid handling system, and is described in 
some detail in US-A-4,965,188 and EP-A-0 236 069. Generally, this instrument includes a heat conducting 
20 container for holding a number of reaction tubes containing reaction mixture, a means for heating, cooling 
and temperature maintenance, and a computing means to generate signals to control the amplification 
sequence, changes in temperature and timing.. 

A preferred instrument for processing amplification reactions in a disposable chemicaf test pack is 
described in some detail in EP-A-0 402,994. \n general, this instrument comprises a support surface for 
25 supporting a chemical test pack, pressure applicators supported above the surface for acting on the reaction 
pack to transfer fluids between adjacent chambers in the test pack, and means for operating the pressure 
applicators through a range of movement extending across the test pack, 

EP-A-0 402,994 provides details of useful chemical test packs which can be processed using the 
instrument described in EP-A-0 402,995, Also described therein are means for heating and cooling the test 
30 pack at repeated intervals (that is, through cycles) appropriate lor the method of the present invention. As 
noted above, while these instruments and test packs are preferred in practicing the present Indention, they 
are not considered essential to obtaining the beneficial resurts noted herein. 

The method of this invention can be used to advantage to rapidly detect or characterize a targeted 
nucleic acid which is present in an infectious agent. Detection can be accomplished in a number of known 
3S ways, such as those described in US-A-4,965,188. For example, the amplified nucleic acid can be analyzed 
using Southern blotting techniques. Alternatively, amplification can be carried out using radioisotopic or 
biotinylated primers which can then be detected using appropriate techniques. Sequence specific 
oligonucleotides can be used with dot blot techniques to detect single-base pair variations in nucleic acids. 

Sn one preferred embodiment, once a desired amount of the nucleic acid sequence of interest has been 
4o generated and the primer extension products are denatured for a last time, the amplified targeted nucleic 
acid is detected using an oligonucleotide probe which is labeled for detection and can be directly or 
indirectly hybridized with one of the primer extension products. Procedures for attaching labels and 
preparing probds are well known in the art. for example, as described by Agrawaf and others, Nucleic Acid 
Res., 14, pp. 6227-45 (1986), US- A-4 ,9 14,210 relating to biotin labels, US-A-4,962,029 relating to enzyme 
45 labels, and the references noted therein. Useful labels include radioisotopes, electron-dense reagents, 
chromogens, fluorogens, phosphorescent moieties, ferritin and other magnetic particles (see US-A- 
4,795,698 and US- A-4, 920, 061), chemiluminescent moieties and enzymes (which are preferred). Useful 
enzymes include, glucose oxidase, peroxidases, uricase, alkaline phosphatase and others known in the art 
and can be attached to oligonucleotides using known procedures. Substrates and dye forming compositions 
60 for such enzymes are well known. 

Where the label is a preferred enzyme such as a peroxidase, at some point in the assay, hydrogen 
peroxide and suitable dye-forming compositions are added to provide a detectable dye. Particularly useful 
dye-providing compositions are described in US-A-5,024,935. 

Detection of the presence of the probe which is in the complementary product can be achieved using 
55 suitable detection equipment and procedures which are well known. Certain probes may be visibie to the 
eye without the use of detection equipment. 

In an alternative embodiment, a primer is biotinylated and the amplified nucleic acid is detected using 
detectably iabeied avidin or derivative thereof. For example, avidin can be conjugated with an enzyme, or 
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have a radioactive moiety. Biottn on the amplified product complexes with the avidin, and appropriate 
detection techniques are used. 

It is also useful for the method of this invention to be carried out in a suitable container. The most crude 
container would be a test tube, cuvette, flask or beaker, but more sophisticated containers have been 

s fashioned in order to facilitate automated procedures for performing the method. For example, a cuvette 
constructed to provide certain temperature characteristics during the practice of the method is described in 
US-A-4.902,624. Useful test packs have a multiplicity of reaction chambers having various reagents, buffers 
and other materials which are useful at various stages in the amplification method. The packs can be 
appropriately and rapidly heated and cooled in cycles to promote the various steps of the amplification 

10 method of this invention. Other useful containers could be suitably fashioned for automated or single use of 
the method of this invention. 

In order for the amplified product to be detected, it is often useful (but not necessary) for it to be 
separated from the other materials in the reaction medium. This is done by any of a number of ways, 
including using a water-insoluble capture means on a primer or probe so that the primer extension products 

is which are replicated in the method are water-insolubiiized and removed from the reagent mixture. Primers 
or probes can be attached to insoluble materials in a suitable manner, or they can be designed to be 
capturabie, that is, reactive with a capture means at some point in the method. 

One useful capture means is described in EP-A-0 370 694. A primer has a specific binding ligand 
attached thereto (such as biotin, an antibody or a lectin) which is capable of specifically binding to a 

70 receptor molecule (such as avidin. an antigenic material or 3 sugar) which is bound in a suitable manner to 
an insoluble material such as polymeric particles. The resulting insoiubilized specifically bound product can 
be separated from water-soluble materials by filtration, centrifugation or other suitable separation tech- 
niques. Detection of the captured nucleic acid strand can be accomplished directly using a probe 
complementary thereto, or indirectly using one or more intermediate oligonucleotides to which a labeled 

25 probe can be hybridized. 

Alternatively, the amplified product can be separated from undestred materials by using an 
oligonucleotide complementary thereto, which oligonucleotide is attached to an insoluble substrate (such as 
polymeric particles) using known attachment techniques. One such technique is described in'EP-A-0 
439,222. Other techniques are described for example in US-A-4,71 3,326, WO-A-88/01302 and EP-B-0 070 

30 687 so that intermediate oligonucleotides are used in a hybridized product of multiple components to which 
the capture oligonucleotide and amplified nucleic acid are joined. 

Useful separation means are microporous filtration membranes such as the poly amide membranes 
marketed by Pall Corp. 

The membranes can be used as a separate substrate with suitable containers for carrying out other 
35 steps of the assay. Preferably, however, they are mounted as part of a test device. Various test devices are 
known in the art including those described, in US-A-3,825,410, US-A-3,888,629. US-A-3,970.429 and US-A- 
4,446,232. Particularly useful devices are described in US-A-4,921 ,677. 

Any useful solid support can be used for separation of water-insoluble product for detection, including a 
microliter plate, test tube, beaker, beads, film, membrane filters, filter papers, gels, .magnetic particles or 
40 glass wool. Particularly useful solid support materials are polymeric beads generally having an average 
particle size of from 0,1 to 10 umeters. 

The detection can also be carried out by immobilizing a capture probe on a flat substrate, such as the 
microporous filtration membranes described above, or on thin polymeric films, uncoated papers or polymer 
coated papers, a number of which are known in the art. Other details about such materials are provided in 
45 EP-A-0 408 738. 

The following examples are included to illustrate the practice of this invention, and are not meant to be 
limiting in any way. All percentages are by weight unless otherwise noted. 

A Perkin-Eimer Cetus thermocycler (Perkin-Elmer Corporation, labeled as "DNA Thermal Cycler") was 
used with the microfuge tube amplifications. Temperature profiles were checked using thermocoupled 
so tubes. Mineral oil was put on top of the polymerase chain reaction mixture to prevent evaporation and 
condensation. 

Chemical test pack amplifications were carried out using a duafcsided heater and processor as 
described in EP-A-0 402,994. Thermocoupled chambers in chemical test packs were used to monitor the 
temperatures. These chambers were formed from a sheet of polyester (0.01 cm thickness) coated with 
55 polyethylene, folded over to provide a circular chamber (sometimes called a "blister") 1.3 cm in diameter. 
An opening was provided to permit the addition of the polymerase chain reaction mixture which was drawn 
into the chamber by vacuum. The opening was then heat sealed. After amplification, a corner of the 
chamber was cut, and the solution was transferred to a microfuge tube (0.5 ml) for storage at 4*C until 
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detection of the products was carried out. 

The polymerase chain reaction mixture (100 mi) inciuded tns{hydroxym©thyi)aminomethane buffer (10 
mmoiar, pH 8) t potassium chloride (50 mmolar), magnesium chloride (10 mmolar) dATP, dCTP, dGTP and 
dTTP (1.5 mmolar of each), primers (identified below, 1 umolar of each), gelatin (0.01%), thermostable DNA 
5 polymerase (from Thermus aquaticus ), recombinant form obtained from Cetus Corp. (75 units/100 ml). 

The primers used for HiV-l DNA detection were as follows and were complementary to the gag region 
of the virus: 
SEQIDNO:t: 

5*-X-TTTGGTCCTT GTCTTATGTU CAGAATGC-3* and 
io SEQIDNO:2: 

B'-ATAATCCACC TATCCCAGTA GGAGAAAT-3' 

wherein X represents biotin attached through an aminotetraethylene glycol spacer group using the 
procedures described in US-A-4,962,029. 

The primers complementary to strands of j8-globin DNA were: 
n SEQ ID NO:3: 

S'-X-CAACTTCATC CACGTTCACC-3' and 
SEQ ID NO:4: 

S'-ACACAACTGT GTTCACTAGC-3' 
wherein X is as described above. 
20 All primers and probes were prepared by standard phosphoramidite chemistry, purified by high 
pressure liquid chromatography and characterized by base composition analysis and electrophoresis high 
pressure liquid chromatography. 

The capture probe for HIV-I DNA was as follows (SEQ (D NO:5): 
S'-X-ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C-3* 
2S wherein X is as defined above for the primers. 

The capture probe for 0-globin DNA was as follows (SEQ ID NO:6): 

S'-X-CCTCAAACAG ACACCATGGT GCACCTGACT C-3' 
wherein X is as defined above. 

The probes were attached to particles of poiy<styrene-co~acry!ic acid) (97.5:2.5 molar ratio, 1.3 umeisrs 
30 average diameter). A suspension (1%) of the particles in"glycine buffer (0.1 molar, pH 8.5) was washed 
twice with 2-(N-morphplino)ethanesuifonic acid buffer (0.1 moiar, pH 6). A sample of the washed particles 
(30 mg) in buffer (1 mi) was mixed with 1-(3-dimethylaminopropyl)-3-ethyicarbodiimide hydrochloride (0.15 
ml of 100 mg/ml butler) and the appropriate probe (28.8 ml of 57.3 OD/ml nanopure water). The resulting 
mixture was rotated end-over-end at room temperature for 15 hours, centrifuged and the particles were 
3$ washed three times with nanopure water and resuspended therein (1% solids). 

HIV-i DNA target nucleic acid sequences were either M13/HIV (a 180 base pair segment of HIV-I cloned 
into M13 phage using standard procedures), or HUT 78 ceil line DNA (a ceil line which contains a- single 
integrated copy of the HIV-i genome). These targeted sequences are prepared using standard DNA 
purification procedures. 

40 The 0-globin DNA target nucleic acid sequence was in human placental DNA (10 mg/ml) which is 
assumed to have two copies of the 0-globin gene per cell. 

The detection of the amplified nucleic acid was carried out by using either agarose get electrophoresis 
(3% NUSIEVE™ agarose and 1% agarose, stained with ethidium bromide, or capture and detection in a 
SURECELL™ disposable test device and capture with the capture probe. 
45 A salt buffer solution (250 ml) comprised sodium dihydrogen phosphate (10 mmolar, pH 7.4), sodium 
chioride (150 mmolar) and ethylenediaminetetraacetic acid (1 mmolar). 

A leuco dye composition was prepared containing 2-(4*hydroxy-3,5-dimethoxyphenylH.5-bis(4-methox- 
yphenyi)imidazole as follows: 

Solid leuco dye (to make a 0.1% solution) was dissolved in a solution of polyvinylpyrrolidone) (20%) in 
50 sodium phosphate buffer (5 mmolar). This solution was then added to a solution of hydrogen peroxide {10 
mmolar), 4 f -hydroxyacetaniiide electron transfer agent (5 mmolar) and diethylenetriaminepentaacetic acid 
chelating agent (10 mmolar) in sodium phosphate buffer to produce a final concentration of 1% polymer and 
0,005% leuco dye. 

A streptavidin-horseradish peroxidase conjugate was obtained from Zymed Labs, and diluted 1:8000 
ss with a phosphate buffered saline solution containing casein (0.5%), 3-(N-morpholino)propanesulfonic acid 
buffer (100 mmolar, pH 7.5) and thimerosal preservative (0.01%). The final conjugate concentration was 156 
ng/ml. The phosphate buffered saline solution contained sodium phosphate (25 mmolar, pH 7.3) and sodium 
chloride (75 mmolar). 
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Polymerase chain reaction was carried out in either rnicrofuge tubes (100 ml) or in chemical test packs 
(180 ml) as noted above. The polymerase chain reaction solution containing the HIV-I DNA target (10"* 1S 
molar) and the appropriate primers was amplified tor the noted cycles with noted temperature steps as 
indicated in the examples. 

5 In the assays where the SURECELL™ disposable test devices are used, the probes on the polymeric 
particles (1 ml, 1% suspension) were deposited in defined regions of the microporous membranes 
(tincoated, 5 mm LOPRODYNE™ nylon) in the test devices and dried. A portion of the polymerase chain 
reaction solution (5 ml) was mixed with the buffer solution (95 ml) and incubated at 95 *C for -5 minutes to 
denature the nucleic acids. The solution was then transferred to the test devices to hybidize the amplified 

to target nucleic acid to the immobilized probe on the membrane at 42* C. The test wells of the devices were 
washed with a solution (250 ml) comprising sodium decy! sulfate (1%) in the salt buffer solution at 55' C. A 
buffered solution containing the streptavidin conjugate (50 ml containing 7.8 ng of conjugate) was added at 
room temperature and allowed to flow through the membranes. After two minutes, the test wells were 
washed again. The leuco dye composition (50 ml) was added, the devices were incubated at room 

15 temperature for 2 minutes. Sodium a2tde solution (0.1%) was added, and the dye on the membranes was 
visually graded on a density scale of 0 to 10 (highest density), Background readings were obtained from 
regions on the membrane surrounding the test regions containing the probes. 

Gel electrophoresis was carried out by adding the reaction mixture containing amplified target nucleic 
acid (6 mi) to agarose geis (4%) which had been prestained with ethidium bromide (4 ml, 10 mg/ml). The 

20 gels were etectrophoresed at 160 voits/cm for 1 hour using an electrophoresis buffer (600 ml), containing 
ethidium bromide (24 ml). The buffer was a mixture of tris(hydroxymethyl)aminom8thane, borate and 
ethylenediaminetetraacetic acid. The resulting bands were compared to molecular weight markers, and the 
product band intensity was scored (115-mer for HIV-I DNA and 110~mer for /S-giobin) according to the scale 
{-, w = , w, w+, + , + and + + + ) with (-) being the weakest signal and ( + + + ) being the strongest 

25 Signal. 

Examples 1-2 Amplification Comparisons 



These examples compare the method of this invention for the detection of HIV-I DNA ( gag region) with 
30 amplification of the same targeted nucleic acid using a standard method taught for example in US-A- 
4.965.188. 

Three Control methods were carried out so that amplification was done in rnicrofuge tubes. Control A 
required 350 seconds for an amplification cycle (Steps B-D), and had the following steps (the time 
unaccounted for was used in the heating up and cooling down phases of the steps): 
35 Step A: Target strands were denatured at 95* C for about 30 seconds. 

Step B: The denatured strands were cooled to and held at 55 *C for about 30 seconds to cause them to 
hybridize with the primers. k 

Step C: The mixture was heated to and held at 70 *C for a period of about 60 seconds to form primer 
extension products. 

40 Step D: The resulting hybridized products were denatured by heating them to 95 'C over a period of 
time of about 60 seconds, and maintaining that temperature for about 30 seconds. 
Step E: Steps B through D were repeated 31 times. 

Step F: Detection of the amplified target HIV-I DNA was carried out in SURECELL™ disposable test 
devices using the procedure described above. 
45 Control B was similar, requiring about 240 seconds for an amplification cycle, and having the following 
steps: 

Step A: Target strands were denatured at 95* C for about 15 seconds. 

Step B: The denatured strands were cooled to and held at 53* C for about 30 seconds to cause them to 
hybridize with the primers. 

$0 Step C: The mixture was heated to and held at 68 * C for a period of about 30 seconds to form primer 
extension products. 

Step D: The resulting hybridized products were denatured by heating them to 95 'C, and maintaining 
that temperature for about 15 seconds. 
Step E: Steps B through D were repeated 31 times. 
55 Step F: Detection of the amplified target HIV-I DNA was carried out in SURECELL™ disposable test 
devices using the procedure described above. 
In Control C, amplification was carried out using the following steps and an amplification cycle time 
(steps 8-Q) of about 130 seconds: 
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Step A: Target strands were denatured at 95' C for about 15 seconds. ^ 

Step B^denatured strands were ^» "^^/J^ J ^ ""SS to form primer 
Step C: The reaction mixture was held at 65 C for a penoa ot aouui 

Co" Toting hybridized products were denatured by heating them to 95' C over a period of 
time of about 50 seconds, and maintaining that temperature for 1 5 seconds. 

"iSmpte 1 »as similar to Control C except mat the amplification cycle time was .bout too seconds with 
Steps B-D having the following times: 
Step B: about 49 seconds. 

Step C: about 1 second. 

SteD D- about 49 for heating and 1 second at the temperature. „„ M ir-*r,™ 
Exam P .e 2 was similarly carried out but test packs were used for the ampl.f.cat.on. The amhficat.on 
cycle time was about 59 seconds with Steps B-D having the following times and temperatures: 

.K l^S*?^*"* ° — • -ends heating to 94- C. and maintaining the 
temperature for 1 second. 
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TABLI 



Cycle 

• MethQ<j Time (sec)' Copies * ft «„ Y " a. fi fc»r»„^ 

Control A 360 500 8 .5 2.5 

200 7.0 i.e 

1°° 5,5 1.5 

50 5.5 4.0 

23 3.5 2.0 

10 2.8 2.0 

0 2-0 0.5 

Control B 240 500 8 .5 2.0 

200 7.5 1.3 

100 4.0 1.8 

50 5.0 4.0 

25 3.5 2.0 

10 2.0 1.8 

0 1.0 0.8 

Control C 130 500 8 .5 l.o 

200 7.8 0.5 

100 5.8 0.3 

50 4.5 0 

25 3.0 0 

10 2.0 o 

0 0.5 0 

Example 1 100 500 8.5 o 

200 7.3 0.5 

100 €.0 0.5 

50 5.0 1.5 

25 3.0 0 

10 1.8 o 

0 2.5 1.0 
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Example 2 59 
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500 


8.5 


0 


200 


7.0 


0 


100 


6.5 


0.8 


50 


5.0 


0 


25 


3.3 


0 


10 


1.5 


0 


0 


0.5 


0 



75 



25 



The amplified products were detected as described above, and the visual density values are shown n Table 
, abovT The Sana's were evaluated at different numbers of "copies" which refer to the number of targeted 
nucleic acid molecules per 100 ul of reaction volume. Examples 1-2 demonstrate that a much faster 
aSLtion cycle time ctn be used to provide high density in signal whiie background «s s^f.cant.y 
Snished. The Control methods require longer cycle times to obtain dense s,gnals, and. m many cases, 
exhibit higher backgrounds. 

20 Examples 3 & 4: Amplification and Detection of HIV-I DNA 

These examples compare a standard amplification and detection method like the Controls of foregoing 
examp.es earned out in microbe tubes with methods of the present invention c^o.w * 
short cycle times in a chemical test pack as described above. The target nucleic ac.d !S HIV-I DNA at tw 
concentrations 5 x 10"* molar and 1 x 10~* molar. Thirty cycles of amplificat.on were earned out and 
de ectn wa ' accomp.ished either by using capture probes in SURECELL™ test devices or bj r gel 
efectrophoresis. A Perkin-Elmer Cetus thermocycler (.abe.ed as "DNA Thermal Cycler") was used m the 
ContrTmethod. whereas the thermal processor described in EP-A-0 402,994 was used ,n the method of 

thiS T P he "control method had the same steps as for Control A above (in Examples 1 -2). Thus, the 
temperature for Step B was 55* C and that for Step C was 70 * C. _ . , n , n . r . r 

The method of this invention (Example 3) was carried out at 94'C for each o f Steps A and i 50 C or 
60 "C (49 second cycle only) for Step B, and 70 'C for Step C. The cycle t.mes (Steps B through D) were 

""^^0' thTsTn^ention (Examp.e 4) had ft* Steps shown for Example ^ 1 above so th at the 
tem P erat"e for Steps A and D was .94- C and that for Sjjteps B and C was 65 ' C (except for the assay 
«,h«rf> rvrle time was ?bout 22 5 seconds, when the denaturation temperature was 92 C). 

TheCsu tTare ^proJded in Table II below, it is apparent that the method of this invent,on prov.ded 
nigh^en 've rSymerase chain reaction amplification even with very short cycle «m*. w areas the 
known control method required a much longer time and more manipulate of temperature sett.ngs. 
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TABLE II 







RESULTS 


g 


fvieirioo 


Cycle Time (Sec) 


5 x 10" 


' s Molar 


1 x 10 16 Molar 








Ger 


Probe" 


Gel* 


Probe" 




Control 


360 




9.0 




7.0 


10 


Example 3 


67 




8.7 




7,0 






57 


+ + 


8.7 




7.0 






49 




8.7 




6.5 




Example 4 


50 


+ + 


8.7 




7,3 






40 




7.8 




7.0 


15 




30 




8.8 


+ 


7.0 






22.5 




7.8 


W = 


2.7 



'Detection using gel electrophoresis 
"Detection in SureCell TU test device using capture probe. 
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Example 5: Comparison Assays Using T est Packs 

This comparative example is similar to Example 4 except that all assays were carried out using 
polymerase chain reaction in test packs and the amplification equipment as described in EP-A-0 402 995 
Two targeted nucleic acids were detected: M13/HIV-I DNA (5 x 10"* molar) and HUT 78 cell line DNA 
(5000 copies/ml). Thirty cycles of amplification were carried out. 

The Control method was carried out using 94 'C for denaturation, 53 -C for the annealing step and 
68 VC for primer extension. The method of this invention was carried out at several temperatures (first 
temperature tn the column is for Steps A and D, and the second temperature is for Steps B and C) shown in 
Table III below. 
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The results are shown in Table III. and indicate that the method of this invention can be carried out 
using amplification cycle times as short as 18 seconds. 

Example'. 6: Comparative Example Using Different Amounts of Thermostable DNA Polymerase 

This example is similar to that of Example 4 and compares assays carried out using both microfuge 
tubel and long cycle times, and chemical test packs and short cycle times. Also compared were vanous 
levels of thermostable DNA polymerase in both microfuge tubes and chem.cal test packs. 

Te targeted nucleic acW was HIV-I DNA from the gag region present at a f^^J*^^ 
coDies/100 Ul. Amplification was carried out using 36 cycles in each assay, and detect.on of the amp ,f.ed 
prSTuci , wS. accompiished either by measuring dye signal (as described above) w,th water .nso ub e 
S^ure probes in a SURECELL™ test device or by agarose gel electrophoresis. A commercaMy^ ava able 
Sument (labeled as "DNA Thermal Cyder", available from Parkin ^er^tus) was used for the 
amplification procedures using the microfuge tubes whereas a thermal cycler described above in EP-AO 
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*uz,i*94 was used with the chemical test packs. Table IV below indicates the levels of thermostable DNA 
polymerase used. 

All of the Control assays carried out in tubes were carried out like Control 8 described above in 
Examples 1-2, except that Steps A and D were performed at 94 4 C. Also in these Control assays: Steps B 
5 through D were repeated 35 times (Step E), Step A required 15 seconds, Step D required 60 seconds to 
get to the desired temperature which was then maintained for another 15 seconds, Step B required 30 
seconds and Step C required 30 seconds. The total cycle time for the Control assays was about 240 
seconds per cycle with heating and cooling temperatures being as fast as the thermocycler equipment 
could perform. 

io in the assays of the present invention, Steps A through D were carried out as described in Example 2 
with Steps B through D being repeated 35 times. Steps A and D were performed at 94* C and each 
required about 11 seconds to reach the temperature which was maintained for an additional 3 seconds. 
Step B required about 11 seconds to cool the reaction mixture to 65 *C. Step C for primer extension 
product formation was carried out at the same temperature for 5 seconds. The total time for each cycle was 

15 about 30 seconds, The assays carried out in chemical test packs using low amounts of DNA polymerase 
were also performed using the 30 second cycle times, but as the results indicate, the fast cycle time was 
insufficient to provide the desired results alone. 

The results presented in Table IV below indicate that the amplified targeted nucleic acid was detectable 
using either capture probes (measuring dye signal) or gel electrophoresis using the same results scoring 

20 described above. Moreover, assays using fast cycling times provided acceptable detection of amplified 
products only at DNA polymerase concentrations greater than 6 units/100 it I, The faster cycle times at 
lower DNA polymerase concentrations provided unacceptable results. 

TABLE IV 

25 



Assay 


DNA Polymerase 


Dye Signal 


Electrophoresis 




(Units/100 Ui) 




Result 


lnvention{test packs) 


8 


8.8 




lnvention(test packs) 


6 


as 




Control (test packs) 


4 


1.0 




Control {test packs) 


2 


3.3 




Control (test packs) 


1 


0.5 




Controi (test packs) 


0.5 


0 




Control (tubes) 


8 


7.5 




Controi (tubes) 


6 


7.0 




Control (tubes) 


4 


8.3 




Controi (tubes) 


2 


8.3 




Control (tubes) 


1 


8.0 




Control (tubes) 


0.5 


8.0 


> 



Example 7; Comparison of Amplification Methods Using Different Primer Levels 

This example is similar to Example 6 except that all assays were carried out in chemical test packs. 
The targeted nucleic acid was HIV-I DNA from the HUT cell line and was present at a concentration of 5000 
copies/100 ul The DNA polymerase used was as noted above and was present at a level of 7.5 units/100 
ui. The primer concentration was varied from 0.01 to 10 umolar. Each amplification was carried out with 30 
cycles of steps B-D. 

The amplification protocol for the Control assays required a cycle time of 160 seconds. The step 
conditions were the same as in Example 6 except that Steps A and D were performed at 94 * C and each 
required about 12 seconds to reach that temperature which was maintained for 1 second. Step B required 
cooling the mixture to 66 *C over a time period of about 12 seconds, and Step C maintained that 
temperature for 135 seconds. Steps B through D were repeated 29 times. 

The amplification method of this invention was performed in identical fashion except that the total cycle 
time was 38.5 seconds. Steps A and D each required about 9 seconds to reach 94 * C, and that temperature 
was maintained for 1 second. Step B required cooling to 68*0 over about 9 seconds and Step C 
maintained that temperature for 20 seconds. Steps B through D were repeated 29 times. 
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An additional amplification was earned out using very iow pruner concenlration that is 0.01 umolar 
.•„^ir« 5 cvcle time but poor results were obtained due to the rapidity of the cycle time, 
using the 38.5 cycle time, oui poor res,u ' ,s . Th indicate that acceptable signal can 

The results of these assays are presented .n TrtteVh J^.^ar using the very fast 38.5 second 

acceptable amplification and detection according to the present invention. 

Table V 
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Assay 


Primer Level (umolar) 


Dye Signals 


Electrophoresis 


Invention 


Control 


Invention 


Control 


A 
B 

C 
D 


10 
1 

0.1 
0.01 


9.0 
9.0 
0 
0 


9.0 
9.0 

8.3 
0 


+ + 


+ + 
w 


Inventio 

Control 


t * 38.5 seconds per cycle 
c 160 seconds per cycle ; 
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40 



45 



Dnmr ir P ^—p— ^ ™m*t Concentr ations for Amplification Method s 

temperature which was then maintained for 3 seconds btep u requ _ format i 0 n was varied up 

to 66'C Step C was carried at at the same temperature, but the time for prod up rormm 

S ?20 second's for the present invention, and up to ^^^l?^^ v, below for 

The results in both dye signal and gel e lectrophoret.c ^w*™*^ 
amplification and detection of the 0-globin DNA. It ,s apparent that a pnmer level below au ^ 
^produce acceptable amplification and ^^^^ lZ SSr .evel ^ >1 umolar 

y^e^^ 

SL5«i , rSr- r rS- - SaracXr rL,ti using much faster cyde 

times. 
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fable VI 



Cycle Time (seconds) 


rumor vUiic©nirauOn (M-mOlflr) 


Results 


Dye Signal 


Electrophoresis 


30.5 




y.o 




30.5 


0.5 


*7 n 

/.U 


W + 


30.5 


0 1 


U 




30.5 




U 




40.5 


1 0 


10 


+ + + 


40.5 


0.5 


10 


+ + 


40.5 


0.1 


0 






0.05 


0 i 




60.5 


1.0 


. 10 


+ + + 


60.5 


0.5 


9 


+ + 


60.5 


0.1 


6.3 




60.5 


0.05 


0.5 




140.5 


1.0 


10 


+ + + 


140.5 


0.5 


10 


+ -f + 


140.5 


0.1 


98 




140.5 


0.05 


9.5 


+ + 
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fiEOIISNCE LI SUMS 

INFORMATION FOR SEQ ID NO: Is 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 nucleotides 

(B) TYPE: Nucleic acid 
(C> STRAND EDNESS : Single 
(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 
primer for the g&a. region of HIV-I DNA 

(iii HYPOTHETICAL: No 
(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 
(vii IMMEDIATE SOURCE: Synthetically prepared 

{x) PUBLICATION INFORMATION: None 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
TTTGGTCCTT GTCTTATGTC CAGAATGC 

INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 nucleotides 

(B) TYPE: Nucleic acid 
<C) STRAND EDNESS : Single 
(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 

as primer for the aafl region of HIV-I DNA 
(iii HYPOTHETICAL: No 
(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 

(vii) IMMEDIATE SOURCE: Synthetically prepared 
(x) PUBLICATION INFORMATION : None 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
ATAATCCACC TATCCCAGTA GGAGAAAT 
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(3) INFORMATION FOR SEQ ID NO: 3: 

(i> SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 

as primer for p-globin DNA 
( i i i ) HYPOTHETICAL : No 
(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 
(vii IMMEDIATE SOURCE: Synthetically prepared 

(x) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CAACTTCATC CACGTTCACC 

(4) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2 0 nucleotides 
{B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 
as primer for 0-globin DNA 

( i i i ) HYPOTHETICAL : No 
(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(x) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

ACACAACTGT GTTCACTAGC 
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(5) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful as 
capture probe for a sequence of HIV- I DNA, 
gap region 

(iii) HYPOTHETICAL: No 

(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 

(vii) IMMEDIATE SOURCE: Synthetically prepared 

(x) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
ATCCTGGAAT TAAATAAAAT AGTAAGAATG TATAGCCCTA C 

(6) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 nucleotides 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Oligonucleotide useful 

as capture probe for a sequence of 

p-globin DNA 
(iii HYPOTHETICAL: No 
(iv) ANTI-SENSE: No 

(vi) ORIGINAL SOURCE: Synthetically prepared 
(vii IMMEDIATE SOURCE: Synthetically prepared 

(x) PUBLICATION INFORMATION: None 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CCTCAAACAG ACACCATGGT CCACCTGACT C 
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seconds, 

C. in the presence of 

1) a thermostable DNA polymerase present in an amount of at least 5 units/100 ul of solution, 

2) deoxyribonucieotide-SMriphosphates present in amounts effective for DNA polymerization, and 
6 3) a set of primers specific for the denatured strands, the primers being present in amounts 

effective for DNA polymerization, 
forming hybridized primer extension products of the primers and denatured strands by incubat- 
ing the denatured strands at a third temperature for from 1 to 80 seconds, 

the third temperature being in the range of from (T m -15) # C to (T m + 5)*C wherein T m is the 
to melting temperature of the denatured strands and the primers, and the difference (AT) between the 

first and third temperatures being from 5 to 35 * C. 

D. heating the hybridized primer extension products to the first temperature over a period of time of 
from 5 to 20 seconds and keeping the products at the temperature for from 1 to 40 seconds, and 

£. repeating steps B through D sequentially as a cycle at least once wherein each cycle of steps B 
/s through D is carried out within up to 120 seconds, 

steps A through E further being carried out using at least one of the conditions selected from the 
group consisting of: 

(a) the difference (AT,) between the first and second temperatures being from 5 to. 45" C, and 

(b) the concentration of each of the primers being at least 0.075 umolar, 

20 provided that when Steps A through E are carried out using only condition (a), the time for each 

cycle of Steps B through D is at least 60 seconds. 

2. The method as claimed in claim 1 further comprising the additional step: 

F, detecting at least one denatured strand of the amplified nucleic acid. 

25 

3. The method as claimed in claim 2 wherein one of the primers is biotinylated, and the detection in step 
F is carried out by capturing the resulting amplified biotinylated strand using avidin which is attached to 
a solid substrate, and detecting the captured strand directly or indirectly with a labeled probe. 

30 4. The method as claimed in claim 2 wherein one of the primers is biotinylated, and detection in step F is 
carried out by capturing the resulting amplified biotinylated strand using an insolubilized oligonucleotide 
complementary thereto, and complexing the biotinylated strand with detectably labeled avidin. 

5. The method as claimed in any of claims t to 4 for the amplification of viral or bacterial DNA. 

35 

8. The method as claimed in any of Claims 1 to S wherein heating step A Is carried out at a temperature 
of from 90 to 98 * C for from 1 to 20 seconds. 

7. The method as claimed in any of claims 1 to 6 wherein step D is carried out at a temperature of from 
40 90 to 98 *C, and the time for heating to the temperature is from 5 to 10 seconds, and the time of 

maintaining the temperature is from 1 to 15 seconds. 

8. The method as claimed in any of claims 1 to 7 wherein second temperature is from 55 to 70 *C, and 
step B is carried out for a time of from 5 to 15 seconds. 

45 

9. The method as claimed in any of claims 1 to 8 wherein the third temperature is from 55 to 70 'C, and 
step C is carried out for from 1 to 40 seconds. 

10. The method as claimed in any of claims 1 to 9 wherein the second and third temperatures are the 
50 same. 

11. The method as claimed in any of claims 1 to 10 wherein each cycle of steps B through D is carried out 
within from 20 to 90 seconds. 

55 12. The method as claimed in any of claims 1 to 11 wherein the thermostable DNA polymerase is present 
at concentration of from 6 to 20 units/100 ul of solution. 

13. The method as claimed in any of claims 1 to 12 wherein AT is from 20 to 35 *C. 
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14 . The method as claimed in any of claims 1 to 13 wherein AT, is from 15 to 45*C. 

15 . The method as claimed in any of Cairns 1 to 14 wherein the concentration of each primer is from 0, to 
2 umolar. 

and (b). 
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